Volume IV
Appendix F.4

ET Cryoinsulation

ET cryoinsulation Power Point Slides presented 7 April 2003 at the CAIB Public Hearing: ET cryoinsulation, by Lee Foster
and Scotty Sparks, MSFC.
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;.{ CAIB PUBLIC HEARING: Cryoinsulation @

Objectives
Inform the CAIB and the Public of:
Cryoinsulation Purpose & Characteristics
Material Development & Qualification
Flight Environments
Debris History & Past Issues
Efforts to Reduce Debris

Recent Observances
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i_CAIB PUBLIC HEARING: Cryoinsulation Characteristics g
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» BX-250

Intertank [Wachined/Ventad)
+ NCFI 24-124

é.{ CAIB PUBLIC HEARING: Materials @
LO2 lce/Frosf Ramps LO? Feadline
+ FOL 1034 + BX-250 & S5-1171 with LH2 IcefFrostRamps
Bi-Pod Fittings ~ FDL-1034 doseouts « POL-T034
« BX-250 with FOL-1034 LHZ PAL Ramps
nsersSLA 561 + BX250
LOZ Tank Ogive / Barrel Lmiﬂﬁ’f;; i
Titek/iies an0uy « NCFi 24-124
« NCFI 24-124 : vy
1 i ---u:
MNosecone T AR Struts
Composite) i » BXY-Z50
« PDL-1034

'\

LH2 Tank Dome
= NCFI 24-57
Apax Closeout
= BX-250

« SLA 561

Fwd and Aft Intertank
Hange Closeouts

Intertank Closeouts
= BX-250 and POL-1034
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{ CAIB PUBLIC HEARING: Cryoinsulation Characteristics @

Levels of Structure

. Polymeric Structure

Folyurechane

2. Cellular Structure

3. Knitline Geometry
4. Substrate Geometry
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| CAIB PUBLIC HEARING: Foam Morphology @

vanasupasy

Roll-over Anomaly

file:/\\Edd-discrkrO6\EDDWork\CAB 100\CP-000043\CAIB.htm 10/16/2003

CP-000043
CAB100-0006

RerPORT VoLumME IV OcTtoBer 2003

CAIB.htm
186



CAIB Page 7 of 58

coLuMBIA
ACCIDENT INVESTIGATION BOARD

E‘ CAIB PUBLIC HEARING: Chemistry

Chemical Reactions
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é_ CAIB PUBLIC HEARING: Matenals @
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CAIB PUBLIC HEARING: Properties
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~{ CAIB PUBLIC HEARING: Properties

s By P o

ET CRYQINSULATIONS

ACCELERATED EXFOSURE

NCFT 24-124
(HCFC-141B}

0 12% Weight Gain of Machined Foarn
{7 Days {125 F & 95% RH)

(HCFC-141B)

BX-250 0 16% Weight Gain of Machined Foam
(CFC-11) {7 Days @125 F & 95% RH)
55-1171 0.42% Weight Gain of Machined Foam
(HCFC-141B) {7 Days @125 F & 95% RH)
FDL-1034 .83% Weight Gain of Machined Foam

(7 Days (@125 F & 95% RH)

* Materials on metal substrates 17X 17 during accelerated exposune
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é{ CAIB PUBLIC HEARING: Qualification Activities @

Testing Performed Throughout Qualification Activities

Several lots of material were tested to characterize the material variability
and process repeatability.

Physical Properties Mechanical Properties Thermal Properties
Bond Tension (-423 to 300 °F) Cryoflex {(-423 & -320 °F) Tharmal Conductivity (-423 to 200 °F)
Flatwise Tension {-423 to 300 “F)  Monostrain (-423 te 400 °F) Oxygen Index
Plug Pulls Torsion Shear Flammability
Density Poisson Ratio Specific Heat & TGA
Comprassion Aerg-recession (Hot Gas)

Thermal-Vac

Major Flight Acceptance Tests: Wind Tunnel {aero-recession for ascent)
Plasma Arc (Entry recession)
PAL Ramps
Aft Dome Test (Stop Sign)
Combined Ervironments {combined lift-off envirenments)

ot prmenied on
L]

file:/\\Edd-discrkrO6\EDDWork\CAB 100\CP-000043\CAIB.htm 10/16/2003
CP-000043

CAIB.htm CABlO(1)-901011

RerPORT VoLumME IV OcTtoBer 2003




CAIB

CP-000043

CAIB.htm
192

ACCIDENT INVESTIGATION BOARD

COLUMBIA

Page 12 of 58

C! CAIB PUBLIC HEARING: Process Control

s By P o

Work Area Wark Araa
ET Procesting Corralution BX-250 Blpod| Temparaiure | Rebative Humidity

Application F) &)
LY ET-106 -Y T2 =5}
ET-106 +¥ T 58
Tz 102 ET-A07 ¥ 75 =3
i 2l [ i ET-107  +Y T4 57
ET-108 -Y ] 1]
4] ET-108 +¥ 75 54
ET-109 - ] o4
. ET-108  +¥ 76 45
ET-1100 -¥ 74 ]
ET-118  +¥ 7 55
an ET-111 ¥ T4 =]
. ET-111 +¥ T4 (]
- ET-83  -¥ 73 =]
z ET-93 +Y T4 =]
ET-34 Y T4 56
m ET-84 +Y Tz &1
ET-112 ¥ Tz £
ET-112 +¥ Fil =
i ET-113 ¥ m 54
ET-113  +¥ k] 55
o - ET-114 ¥ 73 ]
1] an m L1 an ET-114 +¥ 74 53
Tavparsiira (Fi ET-115 =Y 4 55
ET-115 +¥ 4 L)
ET-116 -¥ [ S
ET-116 +Y 71 =1

:
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L CAIB PUBLIC HEARING: Process Control @

ET # vs Bipod Plug Pull

;
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CAIB PUBLIC HEARING: Material Changes

BX-250to SS 1171 to BX-265

Original ET material, BX-250, Chosen for Ramp/Closeout Applications

1993 - CFC 11 blowing agent manufacture discontinued (accelerated EPA date)

1995 - 85-1171 (w/HCFC 141b) chosen to replace BX 230

1995 - Secured available stock of CFC 11 for use with remaining BX 250

19495 - FR 1138 Flame Retardant discontinued in S5-1171 foam — acquired Dead Sea Bromide as
replacement

1998 - Production issues identified with use of S5 1171 in F/A & Bldg 420, decision made to
wntinue BX 250 usape

15 - S5 1171 low strength failure analvsis and subsequent acquisition v BASF; usape on ET
discontinued

MY - M endur Dark Isocvanate usal in BX 250 phased oot of production {secured supply till BX
2065 mmp lemented)

2001 - BX-265 qualified to replace BX-250
M2 - BX-265 Foam Implementation on ET-117 (subsequent repairon ET-116 a K5C)
23 - EPA phase out of HOFC 141b initiated (Waiver Required for Procurement in LUS)

M3 - Waiver appoving NASAs HOFC 141b esemption alowance granted on March 5, 2003,
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;_{ CAIB PUBLIC HEARING: Flight Environments

DETERMINATION OF INDUCED
ENVIRONMENTS FOR LAUNCH VEHICLES

SERE Eh il FLIPHES

MEFE 30 048150 €3
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é,{ CAIB PUBLIC HEARING: Flight Environments @

JSC Full Stack CFD
Mach no. = 2.46
Alpha =2.08 *

Stre amwise vortex

v
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;_{ CAIB PUBLIC HEARING: History of Foam Loss @
Data Commonly Available for Assessment of ET Debris Production
1. Ascent photographic coverage
2. ET-Orbiter separation photographic coverage
1. Umbilical well cameras
2. Crew hand held cameras
3. Post-flight Orbiter tile damage
Additional Data Collection for Assessment of ET Debris Production
1. SRB ascent camera coverage (intertank thrust panel)
2. ET ascent camera (general view aft)
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;_{ CAIB PUBLIC HEARING: History of Foam Loss @
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;_{ CAIB PUBLIC HEARING: History of Foam Loss @

300

T T :
e \ SRE
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Lower Surface Hits > I'
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;_{ CAIB PUBLIC HEARING: History of Foam Loss

STS27R

Lower Surface Hits> 1™

STS-26
179 Hits > 1"
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é.{ CAIB PUBLIC HEARING: History of Foam Loss @

00 T ]
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STS-32R
13 Hits > 17
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t CAIB PUBLIC HEARING: History of Foam Loss

00 T T T T
STS4IR
[ ;
L E
r] i i
T : i
TS5 §TS87 |
§1°°' e S
: 5TS96

STS-47
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=

CAIB PUBLIC HEARING: History of Foam Loss

STS-50
4 ET-50

STS-50 28 Hits = 1"

Vol THLS o in
Wetted Area 636,18 sq in
Wi 97 Ibs

kg
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é.{ CAIB PUBLIC HEARING: History of Foam Loss @
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4 a2 2 e .
b CAIB PUBLIC HEARING: Efforts to Reduce Debris
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,;:_! CAIB PUBLIC HEARING: Cryo-effects

s By P o

SCryopumpling Mechanism

= Transformation fom a gas to a lguid at cryogenic
tempera ti bes

= Gases are condensed within a vold or porous
material at low temperatures

= Adr in Cavitles or Parous Material (SLA-561)
Liguefles When in Contact With Strocture Below
=MTOF for Oygen and -320°F for Nitrogen

= Pressure ls Reduced Locally Due to Gas to Liquid
Vilume Change and More Adr Will be “Sucked™ Into
Area

*Process Continues Until Cavity or Porous Material 1s
Filled With Liguid Adr

« Consequences of Cryopumping

= Mo Detrlmental Effects While Structure Remalns
Cold

= When Structure Warms, Liquefled Adr Returns i
Gaseous State With Local Pressure Increase

« Gaas Can Escape With No Detrimental Effect
if Leak Path Large - Condensation Cload May
Be Visible at Lok Exit

* Pressure Can Crack TPS and Escape With
Mo Ddvots — Condensation Clowd Nay Be
Visible

=Pressure Can Cause Ddvot If Leak Path Small

Cryopumping

MR

Ambient Adr
”,,.A""
J"‘//
TF

IR

]

=M F

Vagar
Toud

e

-340°F 200°F

&

2{HF"F
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é CAIB PUBLIC HEARING: Cryo-effects @

Postulated Cryo-ingestion

er

file://\\Edd-discrkrO6\EDDWork\CAB 100\CP-000043\CAIB.htm 10/16/2003
CP-000043

RepPORT VoOLuME IV OcTtosBer 2003

CAIB.htm CAB100-0027
207



CAIB Page 28 of 58
COLUMBIA

ACCIDENT INVESTIGATION BOARD

é,{ CAIB PUBLIC HEARING: Cryo-effects @

Postulated Cryo-ingestion

o5
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é!. CAIB PUBLIC HEARING: Cryo-effects @

Postulated Crvo-1ngestion

GN

r
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ACCIDENT INVESTIGATION BOARD

o

\{ CAIB PUBLIC HEARING: Cryo-effects

LH2 Tank Barrel XT 1127

STS-10T7 Structural & TPS Temperature Profile:

750 F
% L Effects of Nitrogen Presence in SLA not Considered
800 ‘Q‘R ! i =
T'-‘.L f ] e
w ;| .I;"*'. IIJI x\t e
- s | BX-250 Surface
S b 2 /
- J
‘E 1‘1-"_ i e
|
-150 Al 2219 Substrate—
s e
300 — _._'__'___,_.—-———'_
et | SLA-S61/BX-250 Interface
45??% 0 100 200 300 A00 500
Time - sec.
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ACCIDENT INVESTIGATION BOARD

| e

Net SLA

[tem

8  Shearcgraphy
L ea—

ELA Boms

| +Y BIPOD ISO VIEW

Foam Hems

-Y BIPOD IS0 VIEW

iy
R
e |
iy B

+Y PLAN VIEW | [+Y IN BOARD VIEW |

|- PLAN VIEW | [.Y IN BOARD VIEW
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CAIB PUBLIC HEARING: History of Foam Loss @

=

STS-7/ET-6 - All four
foams CFC-11

STS-112/ET-115 - Three
HCFC 141b foams with
one CFC-11 foam

STS-112ET-1135 - Foam loss on
biprod - CFC-11

Ic
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;_{ CAIB PUBLIC HEARING: Backup Charts @

BACKUP CHARTS

g
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1 CAIB PUBLIC HEARING: Latest Observances @

BX-250, Chilled, In Vacuum, 695 ft/sec
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CAIB PUBLIC HEARING: ET Bipod Comparison

Performance Data ET-93  ET-94 ET-112  ET-113  ET114  ET-115 ET-116
1
I I N N I T
+ ¥ Plug Pull data 4080 | 486 43.4 712 609 41.2 412
7414, - 548, 463
90.2, : 428, 667, e 4900,
+¥ Core {15 psi Min} 78.5, j:“"‘ 435, 58.2, :i: 40.6, LY, 4:;3 P
758 |y f;n 396, 582,634 | (563,574 -
ME | na 483, 51.6 i
Mail BX-250 | BR-250 | BR-250 | BX-2S0 | BN-250 | BK-250 BX-250
26.3,
-¥ Plug Pull Data 44.70 418 514 676 Relsst = 401 435
48.4
46.1,
519,
38.0, 45.5,
728, 438, 5341, 66.5,
- ¥ Core (15 pai Min) ;: 56.9, 348, | 408, :;';' 72.0, 587, ':;' %
o |sEo,E27 798 705,722 = l61.8, 654 ’
g 42.4, 381 oy
475 |
I
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3:_! CAIB PUBLIC HEARING: ET Bipod Comparison @
i IR
Parformance Data ET-117 | ET-11B  ET-118  ET-120  ET-131  ET-122 ET-123 |
Matl BX-250 | BX-250 | BA-ZS0 . BX-250 | BX-265 Iﬁxvzﬁ-s | BX-265
Il | Z6.3 1 T
* Y Plug Pull data 626 426 515 | Retests 76 % “
| _ _ | 613 | _
i . 4B.6, 56.7 Pz
679, 53.9, 4z, : 2 57.2.
*¥ Gore (15 psi Min) TIE, 551, 52.3, ::: f:':- na. 'g'f:?‘:'i-?‘f'“-
492, [645.685 555551 | 1 ol 51.5, G
e {460,470 423,387 |- h
Matl BX-250 | BX-250 | BX-250 | BX-250 @ BXA-265 | BA-265 | BX-265
-¥ Plug Pull Data 708 | 434 | 448 | &2f | 8 | BaB 513
358,
300, 58.1,
B, Et :-:‘, i i::l o 50.8, 56.2, 38.0,
- ¥ Gore (15 psi Min) 56.5, ; 3 491 Gl T, oo et
%2 | ;ﬂ';ﬂ &“‘55?‘_4 |56.0, 51.7 ” :'5;'1 az.0, 0, 40,2
523 T 2 g 442,
Emi 26.0
J&
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{ 2 : _
s CAIB PUBLIC HEARING: ET LH./IT Flange
s IR
Perlormancs Data ET-03 | ET.04 | ET-112 | ET-113 | ET-114 | ETA15 ET-116 |
LHZ | IT Flange - - - - - -
Adt Matl BA-250 | BR-250 | BA-250 | BX-250 | BA-250 | BX-250
At Lead-In Tensile [T 816 | 544 | M1 | &1 | 408
Al Lead-Out Tensils 75d | & | 601 | 45 | 73R | @&
Fued Matl BN-250 | BA250 | BA2S0 | BR250 | Br2s0 | BA250
Fwd Lead-In Tensile B64 | @7 | BIi5 | 61 | S0 | 6BB
Fwd Lead-Out Tensile T6.2 771 | 512 | 582 | 4ba 557 B2
Perlormance Data ET-117 | ET-118 | ET-118 | El-120 | EI-121 | ET-122 ET-123
LHZ | IT Flange - - = = = p =
Aft Matl BN-250 | BX-ZS0 | BX-ESD | BX2S0 | BXN-ESD | BX2ES | BANER
Aft Lead-In Tensile G 44| G23 (aré (56 51 | 7a3 B4
Aft Lead-Ouwt Tensile B44 | 645 | BLE (1j574 (B 611 773 | &7 | EE]
Fwed Matl TExES0 | Bx250 | BA2s0 | BX-250 | BA-ESD | BK-2E5 | BA-2E5
Fwd Lead-In Tensile [ 557 | ©& | @28 | 4B7 | o581 | 683 | TTE
Fwd Lead-Out Tensile 0.4 458 | ol8 | w2 | i1 | 644 =5
Ir
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ACCIDENT INVESTIGATION BOARD

é CAIB PUBLIC HEARING: ET PAL Ramp Comparison

s By P o

Porbomance Data | ET-83 | ET:84 | ET-112 ET-113 | ET-414 | ET-115% ET-11% i
Phug Pull data ::'i' .352‘_ 6A.5 :'u"“|.'|. 584 .3-1.5,&1.'5 :55.3.7‘2.7 ;4‘ .7.385 [ 4\5.?:61.5
ikl I BN | ORI RS B FEELY
gug, |01 543, | IS0 maTT,
“'3' E1E, 61.8, B3Z, | {1} €78 | (1] 48.1;
sie | B0 | s2m, | wa | ses | ek, (1) 658, 674,
e 4714, I5TA4, TOS &84, 76.0 52.4, 56.7 |63.0,557 T1.E, 5.8 |2}
oI pal iy :: 556,607 | (20 550, | (2 ETA | {2) 819, | (21982, | 478,508, 408,
sq | fAMs |oTs, | osss | sie | s1a, m86
e | ST eR3 | shE la0gesd 528800
82410 [ZS 4T3 wA ST
Frriammancs baty ET-1T | BT | BT | ETian | BT | R EEE |
- | an - - | .- - -
- 51,225
Piug Pull data E]..SI 445 dRT .m 405 8232 IT0 Rebest=5 [B9E 636 574,418
[ 1|
=T, et e —
(L]
:;: (1) 26,8, e, | e,
W o | s an| yea
BT, 2 ot o ’ T, 443, 30.7,
comrn ey e i ke s o) %Y
;:':' T6.2,71.8, 50.8, 531, {2y 53.9, 79.2, “;’::::33'1'
ae A4S a8 assms | e | e 5
i 194,813 |54.6, 571 (402443
48.9, 1 |
a0t
15
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ACCIDENT INVESTIGATION BOARD

EXTERNAL TANK
THERMAL PROTECTION SYSTEM
MATERIAL REPLACEMENTS

The Conversion from CF(C-11 Blowing
Agents to HCFC 141b Blowing Agents in
ET Cryogenic Insulations

Scotty Sparks
8/22/96

ot prmenied on

L]

e
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é Regulation Chronology and Reaction @
1978 + U.B. ban of CFC's in aerosol sprays
1987 * Montreal Protocol signed
1988 + U.5. Benate approves Montreal Protocol

+ EPA adoptz Protocol az Domestic Regulation
* Protocol adds HCFC's and VOC's

/88 + Martin Marietta inititates activities to screen
potential CFC alternatives
11/90 + Clean Air Act Amendments enacted
(CFC phaseout by 2000)
991 * Martin Marietta selects best available CFC-11

replacement (HCFC 141b) and initiates action to
implement in ET insulating foams by 1/1/98

2003 « HCFC 141b phase out (UJ.5. only)
Reryeran s Chat Rowts provniat on
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s By P o

Intent and Implications @

It was the intent of NASA and Lockheed-Martin to select a
CFC alternative blowing agent that would incorporate equal or
superior function and performance to the thermal protection
materials with the least amount of facility and process
modification (i.e. a “drop-in” replacement).

Possible implications of failure to develop a “drop-in”
alternative would include: performance reduction, added
vehicle weight, facility modifications, process changes, open-
ended development, and stockpiling of traditional materials.

NASA and Lockheed-Martin have qualified and validated four
{4) new thermal protection materials which meet current EPA
regulations. The gualification and validation process was
established and concurred by the ED, EE, EH, and CR
Laboratories at MSFC.

Reryeran s Chat Rowts provniat on

L]
aj

file:/\\Edd-discrkrO6\EDDWork\CAB 100\CP-000043\CAIB.htm 10/16/2003

RerPORT VoLumME IV OcTtoBer 2003

CAB100-0041
221



Page 42 of 58
COLUMBIA

CP-000043

ACCIDENT INVESTIGATION BOARD

{ Qualification Activities

s By P o

Testing Performed Throughout Qualification Activities

Several lots of material were tested to characterize the material variability
and process repeatability.

Physical Properties Mechanical Properties Thermal Properties
Bond Tension (-423 to 300 °F) Cryoflex {(-423 & -320 °F) Tharmal Conductivity (-423 to 200 °F)
Flatwise Tension {-423 to 300 “F)  Monostrain (-423 te 400 °F) Oxygen Index
Plug Pulls Torsion Shear Flammability
Density Poisson Ratio Specific Heat & TGA
Comprassion Aerg-recession (Hot Gas)

Thermal-Vac

Major Flight Acceptance Tests: Wind Tunnel {aero-recession for ascent)
Plasma Arc (Entry recession)
PAL Ramps
Aft Dome Test (Stop Sign)
Combined Ervironments {combined lift-off envirenments)

Reryeran s Chat Rowts provniat on

L]
az
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ACCIDENT INVESTIGATION BOARD

g‘ Qualification Tests Compared

CFC-11 FOAM
QUALIFICATION

1. Initial process definition to bound pracess Emits

2. Fimal process dafinition to develop database on
material within scope of allowable parameters

1. Parametric evaluation of processing garamaters

DESIGN
REQUIREMEMT

Processability

HEFC-141k FOAM
QUALIFICATION

. Screenmng to verify processability

within current pracessing limits

2. Sama

. Cornanatiens of DOE and parsmetric

RepPORT VoOLuME IV OcTtosBer 2003

Database Evaluatons
2. Performed testng usmg primanly laboratory Dewvelopment 2. Al gualification operations were conducted
subscale processing (low output speays for using full seake production processes at Michoud
acreage feam) Azsembly Facikty
1. Bond tension (423 to +300 'F} 1. Sama
2. Flatwise tension (-423 to +300 °F) 2. Sama
Ei E;'Wﬂcv [Mot used for ET 1; Implemented after 3, Gradient Cryoflex used for all materials
ET 11
4. Monostrain 4. Same
5. Density/Compression 5. Same
[} Therrmal Conductivity (SR 6. Improved Thermal Conductivity test at MIST
Properties (e at MSFC), Holometrix ard at MAF
7. TGA Evaluated 7. Same
g4, 02 index B Same
9. Friability @, Same
1. Plug Pulls 140, Sarme
11. Torston Shear 11. Sarne
12. Polsson's Ratie 12. Sarme
13. Specific Heat 15, Sarme e
14. Flammability 14, Sarme
Retarar ke Chanwr aT
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Qualification Tests Compared (cont.)

CFC-11 FOAM DESIGH HCFC-141b FOAM
QUALIFICATION REQUIREMENT QUALIFICATION

1. Wind Tunmel { Ascent heating profiles) 1. Same

2. Plasma Arc (Entry haatng simudation) 2. Same

3. Combirad Ermdronments 3. Same

4.  PAL Ramps (after 8T5-1) 4. Same

5. Thesrmal Accustic Profidas Quakfication 5. Same

6. Radeant - Vacuur Tesats B. Same

7. Therrmal Vacuum {LOX Opive backface heating 7. Same

simulation)

3.  Mini-Tanks {10) 8. Zatisfied using Crycfles and Combined Erv. Tests

9.  Fat Cryn Tanks 18, Porformad on MCFI 24-124 (5ea 13 below),
Others satisfied with Therm. Cond., Cryoflax,
and Combined Env, Tests

10, 10 ft. Tank (2) [primarily SLA test] T, Sarisfied using Cryoflex and Combined Env, Tasts

11, MPTA (BX-250 instead of CPR acreage foam) 11, Sawesfied using Cryoflex and Combined Eny, Tests

12, 5TA 12, Satsfied using Cryofles and Combinad Env, Tests

13, Mot Applicalle 13. Flat Tank test article thermmal conductivity
evaluation by differantial temg measurements
for comgarisan of CPR ta NCFL

1. Of line Productssn Senulation evaluations using 1. Mot requred since database developrment

full-scale processing sprays weare perfermed using full scals
Walldation production process
2. Paper sprays on fight hardware with exposed Tests 2. Sarme (Two successful successive
areas on tank for testing or full scale meckups applications)
13, Successful first artscle preduction application i Same

Reryeran s Chat

ot prmenied on

L]
ad
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ACCIDENT INVESTIGATION BOARD

Qualification Chronology

.

formuation and recession.
{BA, butanal, €0, indax)

o NCFl 24-124 - Initiats
af efforts for qual. feasibdity

v

Bevsersr ko Cheret

| CPR-488 to CPR-XUS to NCFl 2Z-B5 to Date FDL 4034 to BX-250 to 31-2551-’2%
NCFI 24-124 MCFl 24-57 PDL 1034 55-1171
= CPR-XUS - Lots 1 and 2
experignced cryoflax failures,
Modified 3n catalyst, so-
cyanate indax. Lot 3 had s MOFIL 24-57 - Mo cryoflds] Sep-23
better eryoflex performance fadures
» MOFI 24-124 - formulatipn
change (1% more BA) -
no narme changs owaver
* CPR-XUS - Lot 4 catalys Mow-93
ad)- from Dow
* BY-250/1410 - Lots 1 ar
Jan-94 2 fail m cryoflex, ncrease
compenent tamp, Lots 3 and
4 have cryofiax success. Lot
5 has cryoflex prob, agan
¥ Mar-34
® CPR-XLIS - Catalyst mod,
High wind twnnal recession
observed, Mod. Squad was = BE-Z55/260 - Two moedg.
farmed (MAF/MSFC) to of BX-Z50 wara submitted to
understand relaton betwasan Jun-94 vendor after DOE on farm.

comgleted by LMC/MEFC

ot prmenied on

L]
a1
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Qualification Chronology (cont.)

| CPR-488 to CPR-NUS to | NCFl 22-85 to Date POL 4034 to BX-250 to BX-255/2
MNCFl 24-124 MCFl 24-57 POL 1034 $5-1171

= CPR-488 - Dacision no Jul-94
to stockpile CFC-11

Aug-94]| « PDL 1034 - full ¢ BH-2505741b0 - fail reqy
* NCFI 24-124 - Qual. gualified when processed at low [85-
efforts increase.  Cryoflex 70 °F) amiwent. Greater tha
tests - D55 pass @ 61 Kgi = MCFl 24-57 - full Jan-9% BOF - OK,

qualifiad * 551171 - dasignated as
possibla replacement if
¥ ® MLCF24-57 - aft dome of | Feb-95 probems peraist
ET 80 sprayed & 551171 - exhibited high
* MCF 24-124 - sprays knitline failure than BX
on LHE barrel, LOY ogive and Mar-25
pass backface tests & 300°F
* POL 1034 - pour size

* NCFI 24-124 - lower repdrt May-95|| wwestigation and ather
asrg-recessian.. Therm. cand. processing techniques e 5517171 - fully qualfled
flat tank test wa. CPR - same using seven lats
= MCFl 24-124 - prassurg = PDL 1034 - woodpecker
buildup in precessing gun Jun-85 problem forced cure testing of
during long duration sprays PDL 4034 for repairs. Pass
forced to usa gun switch require, after 48 hr cure.

Aug-95
* NCFl 24-124 - fully
quakfied and validated 5ep-95

Reryeran s Chat

ot prmenied on

L]
L]
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New TPS Flight Effectivities

s By P o

NCFT
24-124

MNCFI
24-57

FDL
1034

55-
1171

ET 85 {5/15/97)
LH2 sidewall

ET 86 (7/17/97)
LOX sidewall

ET 88 {10/9/97)
Intertank

Reryeran s Chat

ET 82 {9/12/96)
LHZ aft dome
(Pracess affectivity
ET 80 and subseguent)

Cempanents/eloseocuts
as production permits
Has bean installed on
closgout areas since
ET 79 {6/20/98)

ET B2 (9/12/08)
3rd hardpoint closeaut

ET B85 (5/15597)
LHZ forward dome

ET 87 (3/18597)
LOX aft dome

ot prmenied on

L]
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» Summary @

NCFI 24-124 - Developing new way of processing the tank due
to the possiblility of crushing due to walking loads. Includes
worker awareness training and a new protection system for
the tank. (First flight effectivity: ETS85)

NCF1 24-57 - Ready to fly on ET 82 in September with no other
processing issues at this time.

PDL 1034 - MAF is still using up reserve of PDL 4034 but will
convert in September. KSC has been using PDL 1034,
Vendor change is being investigated. (First flight effectivity
was on ET79 which flew on 6/20/96)

55-1171 - Have sprayed four (4) validation domes (ET 85 and 87)
along with LOX tank manhole cover (ET 86). Ready to fly on
ET&2 3rd Hardpoint closeout.

Reryeran s Chat Rowts provniat on

L]
ag
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é.{ CAIB PUBLIC HEARING: ET-93 Configuration @

1700

Bazed onangle af
Hiped Ramp {28
_ EXJ50 SPRAY
7 WITH HAND TR
-

Bind remaved priar bz
lI'-{:nrllliuﬂul|J|:|i:ﬁm
et I
"‘x‘_NII
}
F '\HH
‘x_‘“_a,& _ KGH 2e42d
s W—
AT sl |
I
1
mm]—: L p———
£ | =] 2
LHZ BARREL 2 LN HEATER WIRE REF
- Hipod Heater i LI IR X250 SPRAT
Elettrizal Connesior > ¥T - LK2 FLARGE CLOBEOUT

BIPOD FITTING CLOSEOUT — (TPS 80971008434-090)

an
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é__ CAIB PUBLIC HEARING: Matenals @

EE B9
= = = e

g
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ACCIDENT INVESTIGATION BOARD

C! CAIB PUBLIC HEARING: Matenals

s By P o

L{E% Tank (NCFI 24-124)
'.'Jﬁr 2- kaFrosl (2210035

S Teay v Enty. Waitlng (2
< _ahb ram - Enl 2alin d
Ll & Inc%s] - gt

'I.'Jv:r?a- Mzoant HeglIng( 18 1a 075
h

+ PAL Aamp

sCabk Tray Fralaclan(alr ! low]

Ranges (BX-250)
s 4T

«Fanal1 - koa/Fras, (0K 10 08
Inchas)

4 la-Z a4y
sPanck 228 . loa! FrasL (06 1o

| 0.75Inches]

Nose Cone Area (MCFl 24-
124)
+ Up to 3 nches 1o maintain

Inter Tank (NCF| 24-124)
a4
+Pangk 1-1- Enlry healing (0.44

smooth transition from nose * L_E 04 \I;-:hﬂ]
wone to ageage fbam + -fla-Llad
E ‘Panch 48 . Mzcent Hedlng
(0,15 10 049

Cable Tray Ramps/Aft Attach Hardware

+ Cable Tray frem - kaFrasl
a o guach Hardware - koatFrosl

LO2 Feedline BX-250, 55-1171)
+ kee/Frost - (1.°25 to 0.75 inches)

LH2Z Aft Dome (MCF| 24-57

« EnlrgDame - Enlry Hamllng
(13 1a2 07 Inches)

L.H% Tank (NCFl1 24-124)
.+

+ Meremge - Enry Hemllngand
loat Fra, (087 G0 170 Irehes)
'CauhT%’.ﬂ.r\ea- Enry HemlIng

(1021aid Inchaz]
“Morgaga - keatFrasl (07510 1.01
Inchas]

« PAL Ramp

«Cabke Tray Pratacllan(alr (ke

an
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ACCIDENT INVESTIGATION BOARD

é_ CAIB PUBLIC HEARING: Bipod Area Configuration @

= Estimated wlume -1.1 cu. Ft.
» Estimated weight - 1.98 to 2.86 Lbs (1.8 to 2.6 Ibs./cu.ft)

Flange Closeout
= Estimated wolume/foot of length
» Between bipod ramps (16" width) - 0.235 cu/ft per foot
» Outboard of bipod ramps (127 width) - 0.177 cuw/ft per foot
* Estimated volume
» Between ramps - 0.42 to 0.61 |bs/ft (1.8 to 2.6 |bs./ou.ft)
* Outboard of ramps - 0.32 to 0.46 |bs/ft (1.8 to 2.6 lbs /cu.fi)

Bipod Ramp Mote: Dimensions from ET-121

az
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C{ CAIB PUBLIC HEARING: ET-120 Dissected Ramp @

s By P o

v"
ET-120 Ramp From Dissection
* Measured Weight - 1.02 lbs
Photo Analysis Estimate of Impact Particle
» One of at least three particles seen leaving bipod area
» 247 (+3") % 15" (+37) - from camera E212
» 57 (+17) - from trajectory analysis
* Volume estimate - 0.58 to 1.68 cu. Ft.
» Estimated weight - 1.04 to 4.37 Ibs. (1.8 to 2.6 |bs./cu.ft)

a
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ACCIDENT INVESTIGATION BOARD

CAIB PUBLIC HEARING: History of Foam Loss

STS-7/ET-6 (launched 06/18/83)

+ Postseparation film showed alarge portion of he =Y (LH) bipod
ramp missing

+ Lower surface Orbiter tile damage locations = 151 with 40>17

STS-32/ET-32 (leunched 01/05/90)

+ Post separation flm showed two divots measuring 12 o 14
inches between bipod and justabove the flange and a third
divot 14"in diameter centered between between amps and
extending into the flange area measuring 28" wide. The third
divot surmounded the forward part ofthe =¥ (LH} bipod ramp

* Lower surface Ovbiter tile damage locations = 111 with 13217

- Largest damage: 2.0°x 3.0" x 0. 5°D (Right side of Orbiter,
aft of the forward Main Landing Gear)

STS-35/ET-35 (launched 12/0290)

* Ten dircular TPS divots in the Intertank to Hydrogen tank flange
doseout {ranging 8 o 107
+ Lower surface Oriter tile damage locations = 132 with 15>1"
- Largestdamage: 575" x3.75" x0.25°D (Right side of
Orbiter, aft of forward Main Landing Gear)
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CAIB PUBLIC HEARING: History of Foam Loss

STS-50 / ET-50 (Taunched 06/25/92)
= Post saparation fim (umbilical camesa) showed= B0 percant of the -Y
(LH) bigad ramp closeoul was missing
- Damage area measured approximately 25 « 10 inches in size and
wag deap enough b expose SLA closeaut
= Lower surlace Orbiter tle damage locations = 141 with 28 »1°

— Largest damage: 9° ¥ 4.57 ¢ 0.5 (Left wing of Ovbiter, three feet
olboasd of the LH2 usribdical)

ST5-52/ET-55 flaunched 10:2292)
+ Fosl segaration film {umiilical camera) showed missing cuttoardrear
comerof the =¥ (LH) bipod ramp doseout
- Damage area measured approximalelyd” X 5 X 127 exposing SLA
claseoul
Lovesesr surface Oroiter lile damage locations = 152 with 6 =17
- Largest damage: 1.4 £ 0.7% % 0.2° [cener of bady Nlap)

STS-TTXET-115 (lavnched 10/07:02)
+ Debeis impacted the LH SRE ETA ring at appradmataly 30 seconds
afler launch - Origin of debes not seen in launch fike
— Pustseparatian film {umbilical camera) showed an area of missing
foam an the ¥ biped mmp - 47X 5" X 127} exposing SLA chosacul
= Lower surlace Orbiber tile damage localions = §1 with 22 = 1°

- Largest damage (2 localions): 4.5% 1. 5% x 0.125°D (Right side of
Orbiter, Tarward al the rear Main Landlng Gear and inboard of the
raar Main Landing Gear}

a
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é CAIB PUBLIC HEARING: Flight Environments @

Space Shuttle Synchronous Launch Loads

Substrate sirasm
Sulstrate bending
Subgtrate laxure
Substrate vihmtion
Airlowds {axial]
Asrashear
Acpustics
Daeillating shesks
TPS cell hll!i.
Ttmpurabm:‘
Thesmal gradient
Ditferantial upnnnlnn.

TPS

H 40

—_— =

a0 T 120 160

59'.‘.-0“15 Aftar Li\lﬂ‘nl:h

E Peak Peak
Loads Heating 0
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{

s By P o

« ET120 +Y Bipod
Results

— Several indications
noted post wedge
removal which may
be attributable to
complex part
geometry, density
gradients, or defects

— Dissection revealed
no significant
correlation between
indicated regions and
subsurface defects

+Y IN BOARD VIEW

-
_f: B '!\
Radiography

Indication (overlay) Y Actual Defect
' Shearography

Indication (overlay

+Y PLAN VIEW

b CAIB PUBLIC HEARING: NDE Correlation +Y Bipod @

ar
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& CAIB PUBLIC HEARING: NDE Correlation -Y Bipod @

s By P o

-¥ Ramp Looking Top Down

« ET120 -Y Bipod
Results

— Several indications were
noted pre and post
wedge removal which
may be attributable to

Sheardraphy - tual Defect, Radiography
complex part geometry, | indication (overlay) Indication (overlay)
density gradients, or n =
defects

FWD

Inboard

Outboard Face

=Y Ramp Looking Outboard In
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